Introduction
============

Pfeiffer syndrome is a rare autosomal dominant disorder, characterized by premature fusion of cranial sutures that prevents the skull from growing normally and affects the shape of the head and face, resulting in brachycephaly, hypoplastic maxilla, shallow orbits, proptosis, and exophthalmos, and accompanied with broad and deviated thumbs and big toes[@B1]. Molecular genetic testing is important to confirm the diagnosis. Mutations in the fibroblast growth factor receptor (*FGFR1*) gene[@B2] or *FGFR2* gene[@B3] cause Pfeiffer syndrome. Different mutations in the *FGFR2* gene have been reported[@B4]. Spinal anomalies are rarely associated with Pfeiffer syndrome. Here we describe a case of Pfeiffer syndrome with a novel c833_834GC\>TG mutation (encoding Cys278Leu) in the *FGFR2* gene, with an everted coccyx.

Case report
===========

A male infant was born at the 37^+3^ weeks of gestation via vaginal delivery. His mother was 32 years old, and his father was 31 years old. His mother\'s obstetric history was gravida 1, para 0, and was unremarkable. His parents were both Korean, phenotypically normal, and did not have any history of consanguinity.

The patient\'s Apgar scores were 9 and 10 at 1 and 5 minute. He weighed 3,360 g (75-90 percentile), was 50 cm long (75 percentile), and had a head circumference of 34 cm (75-90 percentile). He had multiple anomalies such as craniofacial, limbs, and sacral anomalies. Thus he was transferred to Busan Paik Hospital, Inje University College of Medicine. He had brachycephaly, maxillary hypoplasia, exophthalmos, proptosis, low-set ears, preauricular skin tags, atresia of the external auditory canal, high arched palate, radially deviated broad thumbs and medially deviated big toes, ankylosed elbows, and a mass on the coccygeal area ([Fig. 1](#F1){ref-type="fig"}).

Plain radiographs of the skull showed prominent convolutions, probably due to craniosynostosis. Three dimensional skull CT revealed closure of the bilateral coronal sutures and left lambdoidal suture, midface hypoplasia, and shallow orbits ([Fig. 2A, B](#F2){ref-type="fig"}). Plain radiographs of his elbows did not show any bony fusion or abnormalities. A lateral spine view noted the disappearance of normal curvature of spine; spinal magnetic resonance imaging showed an outwardly everted coccyx ([Fig. 2C](#F2){ref-type="fig"}), and plain radiographs of his hands and feet showed widening of both 1st phalangeal bones, metacarpal bones, and metatarsal bones. With informed consent, genomic DNA was isolated from peripheral blood. PCR was performed for exon 7 and exon 8 to analyze major mutation of *FGFR2* gene, and revealed a novel amino acid substitution of leucine coded by TKS, for cysteine coded by TGC, at codon 833_834 (Cys278Leu) of the *FGFR2* gene ([Fig. 3](#F3){ref-type="fig"}).

Discussion
==========

Pfeiffer syndrome was first described by Pfeiffer in 1964, and 60 cases have been reported. It affects about 1 in 100,000 individuals[@B1], but is more rare in the Asian population, with only a few cases reported in Korea[@B5]-[@B8]. Pfeiffer syndrome involves the cranial bones and thumbs and great toes, which are broad and bend away from the other digits, occasionally accompanied by an ankylosed elbow or radiohumeral synostosis[@B9].

Pfeiffer syndrome is divided into three subtypes[@B9]. Type 1 consists of brachycephaly, a hypoplastic mid-face, and finger and toe abnormalities with normal to near-normal intelligence (classic type). Type 2 is characterized by a cloverleaf-shaped head, severe proptosis, and central nervous system involvement caused by more extensive fusion of the skull bones, with potential elbow ankylosis or synostosis. Type 3 is similar to type 2 but without a cloverleaf-shaped head. Both types 2 and 3 are more severe and have poor neurodevelopmental outcomes. The patient in this case report was Pfeiffer syndrome type 1, the classic type.

Cranial sutures normally close in a synchronized manner after birth, allowing the skull to achieve normal size and shape. When this normal development is disrupted, premature cranial fusion or delayed cranial closure occurs. Mutations in FGFR1, 2, or 3 can affect craniofacial and skeletal development[@B10]. More than 60 mutations in FGFR, a majority of which occur in FGFR2, are associated with craniosynostosis syndrome such as Antley-Bixler syndrome, Apert syndrome, Bearse-Stevenson syndrome, Crouzon syndrome, Muenke syndrome, and Pfeiffer syndrom[@B11]. Pfeiffer syndrome is caused by mutations in the *FGFR* gene with locus heterogeneity. Mutations in the FGFR1 at chromosome 8p11.2-p12 were only detected in Pfeiffer syndrome type 2[@B2], [@B12]. Mutations in the FGFR2 at chromosome 10q25-q26 were reported in all three subtypes[@B13], including 1036T-\>C[@B3] and 1037G-\>A which were also detected in Crouzon syndrome[@B14]. We report a novel c833_834GC\>TG mutation (encoding Cys278Leu) in Pfeiffer syndrome. This patient had coccygeal eversion leading to a tail. Spinal anomalies such as the cervical spine fusion are rare in Pfeiffer syndrome[@B15], but coccygeal anomaly occurred in one other case in Korea[@B7].

Serum levels of alkaline phosphatase (ALP) increased (1,198 U/L) after birth. 90% of ALP in young infants is produced from bone, and reflects osteoblastic activity, bone turnover, and rapid bone growth, and positively correlates with bone mineral accretion. ALP is normal at birth and rises gradually in the first 2-3 weeks of life[@B16]. Gain-of-function mutations in FGFR2 are associated with craniosynostosis. Osteoblast progenitors in bone marrow were significantly increased in Fgfr2cC342Y/+ heterozygote mice, which had a phenotypically shortened face, protruding eyes, and premature fusion of cranial sutures[@B17]. Patients with Apert syndrome with the S252W mutation in the *FGFR2* gene enhanced osteoblastic marker gene expression and ALP activity[@B18]. Increased ALP from birth might reflect prenatally increased osteoblastic marker gene expression resulting from mutations in *FGFR2* gene, but further study is needed.

The prognosis of Pfeiffer syndrome depends on accompanying anomalies, and multiple surgeries are needed to release the prematurely closed sutures[@B19], [@B20]. In conclusion, this report describes a case of Pfeiffer syndrome with a novel c833_834GC\>TG mutation (encoding Cys278Leu) in the *FGFR2* gene, with an everted coccyx resembling a tail and increased ALP activity.

![Photographs of the patient. (A) Brachycephaly, hypoplastic mid-face, proptosis, and exophthalmos are shown in the photograph of the head. (B, C) The thumbs and the great toes are wide and bend away from the other digits.](kjped-53-774-g001){#F1}

![Three-dimensional skull computed tomography (CT) and spine magnetic resonance imaging. A, B) Three dimensional CT shows closure of bilateral coronal sutures (arrows) and left lambdoidal suture (arrows) with sclerotic changes, and hypoplastic facial bone and shallow orbit. C) Spine magnetic resonance imaging shows an outwardly everted coccyx (arrow) and the disappearance of normal vertebral curvature.](kjped-53-774-g002){#F2}

![DNA sequencing reveals a heterozygous mutation (GC to KS). This mutation resulted in an amino acid substitution of leucine (TKS) for cysteine (TGC) at codon 833_834 (Cys278Leu) of the *FGFR2* gene (arrows).](kjped-53-774-g003){#F3}
